Introduction
In small MOS transistors with thin _eate oxide and high substrate doping concentrations, a strong transverse electric field near the Si/SiO2 interface leads to significant quantization effects in the direction perpendicular to the interface. There have been several papers related to the quantum mechanical (QM) device modeling. In these previous works, however, only the QM charge distribution has been taken into account, and drain cun€nts have been simulated based on the classical driftdiffusion (DD) model [1, 2] . In this work, we have developed the self-consistent two dimensional (2D) QM Monte Carlo (MC) device simulator in order to evaluate QM effects on the drain current. There are three major improvements in our simulation: 1) QM calculation is extended over the whole device region, 2) the quantum transport is taken into account considering the electron transition between quantized states, 3) the charge density, the potential profile and the non-equilibrium distribution function are calculated self-consistently. In order to identify the impact of the full 2D QM calculation, drain currents of 70nm n-MOSFET are simulated and are compared to those obtained from the DD device simulator [3] .
Model
Assuming that the variation of the potential along the channel is small over an electron wavelength, the electron wave function can be written as the product of a plane wave traveling parallel to the interface and an envelope function in the dfuection perpendicular to the interface [1] . Therefore, 2D ei-{enstates can be consffucted fiom solutions of the one dimensional (1D) Schrddinger equation at many different positions along the channel direction ( Fig. 1 and Fig. 2 ). The nonparabolicity of the Si energy band near the X-points is introduced into our simulator in the analytical form of e(1 * ole) -n2k2rlzmi + h2k2lzmi with nsn-parabolicty parameter being o _ 0.5eV-1. Note that lD eigenstates (Fig. 2) are calculated by the effective mass Schrddinger equation under the non-parabolic band structure [4] . As shown in Fig. 2 (b) , we extend the QM calculation to the entire simulated domain. This approach does not require any prescription for the transition of electrons between two-and three-dimensional states near the channel edges. The electron distribution in the MOS-FET is calculated by using the one particle MC method. By using this method, the current continuity along the channel can be satisfied automatically. Especially rhe quasi-ballistic transpoft near the source junction [5] is also properly simulated. For the self-consistent potential calculation, the inversion charge within the channel is replaced by the latest QM charge distribution obtained from the MC simularion (Fig. 3 ).
The QM charge distribution ( Fig. 3 ) is rescaled to satisfy the charge neutrality in the source and the drain region. Since the non-equilibrium natute is included in the charge distribution of itself, the consistency between the potential and the nonequilibrium distribution function can be guaranteed. Scatter- 
Results and Discussion
Drain current calculations successfully converged within 25 iterations as shown in Fig. 4 . For the first iteration, the potential obtained from the DD device simulator was used (FiS. 5).
Since the subband energy profile after the self-consistent eM calculation is much lower than rhe initial profile (Fig. 6) , eM effects cannot be captured by the classical potential (Fig. 6 ) and charge distribution (Fig. 7) Fig. 9 . The classical thresholdvoltage coincides with the gate volta_{e, for which the bottom of the conduction bands crosses the Fermi level. For the quantum mechanical case, the lowest subband has to be considered. The importance of the self-consistent calculation is also obvious fi'om the figure. The transconductance obtained from the QM simulation is 1.5 times lower than the classical result ( Fig. 8) , because the quantum dark space depleted of the free carriers near the interface (Fig. 7) acts as an effective gate dielectric for device operations. The lower total current prcdicted by the QM simulation (Fig. 8) is the consequence bf a lower charge density in the channel (Fig. 10) , since the mean carrier velocities are almost the same near the source edge in both cases (Fi_t. 11). There is no saturation velocity incorporated in the QM simulator, as is the case for the DD simulator. The reasonable mean carrier velocity is the result of phonon scattering. Some velocity overshootin_e (? ) usat nv 107 cm/s) occurs near the drain ed_qe (Fi_e. 11), resulting from the nonequilibrium carrier transport near the drain.
Conclusion
We have developed the quantum mechanical MC simulator for n-MOS transistors in which the QM calculation is extended to the whole device region. A simple and effective selfconsistent iterative method to obtain meaningful results with good convergence is also proposed. Our "parameter fitting free" simulator can provide the microscopic insight into the. 
